Mefloquine is a relatively new antimalarial drug which has been associated with a wide variety of adverse effects, including skin reactions. In order to evaluate the range and frequency of mefloquine's dermatological effects, we searched the scientific literature for published case reports of such effects. We found 74 case reports, published between the years 1983 and 1997. Pruritus and maculopapular rash are the dermatological effects most commonly associated with mefloquine: their approximate frequency is 4-10% for pruritus, and up to 30% for nonspecific maculopapular rash. Adverse effects associated less commonly with mefloquine include urticaria, facial lesions and cutaneous vasculitis. One case of Stevens-Johnson syndrome and one fatal case of toxic epidermal necrolysis occurred. Appropriate primary studies of mefloquine use should be carried out to elucidate the epidemiology and aetiology of dermatological and other adverse effects of the drug.
Introduction
Mefloquine (Lariam-Roche) is a potent antimalarial drug of the arylamino alcohol class that is chemically related to quinine. It is only available as an oral preparation. Mefloquine is highly lipid-soluble, and is metabolized largely in the liver; it has an elimination half life of 2-3 weeks. 1 Its mechanism of action against malaria parasites is unknown. 2 Mefloquine has been used to treat Plasmodium falciparum malaria since 1980, and has been prescribed prophylactically in travellers since 1986. In the treatment of malaria, mefloquine is usually administered in adults as a five-tablet once-only dose, which is sometimes divided into two parts in an attempt to minimize side-effects. 3 In malaria prophylaxis the drug is normally prescribed at an adult dose of one 250 mg tablet per week, on account of its long half-life. 4 To date, approximately 12 million travellers worldwide have received mefloquine prophylaxis. 5 Recently there has been concern in the lay press and media regarding the side-effects of mefloquine. 6 Attention has focused on the neuropsychiatric effects of the drug, which are principally insomnia and fatigue. 7 However, there have been lay reports of dermatological reactions as well, such as 'skin rashes' 8 and 'itching skin'. 9 Such reactions to mefloquine have not as yet been described in the standard textbooks of dermatology.
Within the UK the Medicines Control Agency runs a 'yellow card' voluntary reporting system for identifying adverse drug reactions. Although the rate of reporting in such a system is inherently low it has drawn attention to important associations such as oral contraceptives and thromboembolism. Up to July 1998 a total of 1549 reports relating to mefloquine were received including eight fatal reactions (personal communication). These listed a total of 4402 reactions relating to all organ systems: of these 233 were specific for the skin and subcutaneous tissues. This data is of course not peer-reviewed.
We undertook a review of published peer-reviewed reports of dermatological adverse effects with mefloquine to assist clinicians who have to consider a drug eruption due to mefloquine in the differential diagnosis of a patient's rash.
Materials and methods
We searched Medline and Embase using the search terms 'mefloquine', 'adverse drug reactions', 'adverse effects', 'side-effects' and 'toxicity'. We did not apply any language restriction. Our final search was carried out on 15 September 1998.
Our electronic searching yielded 143 'hits', all of which we retrieved as full papers. Approximately onehalf of these papers were reports of randomized controlled trials or observational studies in which the symptoms experienced by participants were documented as one of the study outcomes. Only a small number of these symptoms were dermatological.
We consulted the standard textbooks of dermatology and pharmacology, and scanned the citations of all the papers we had retrieved, in order to check for additional published reports on the dermatological adverse effects of mefloquine.
Results
We found a total of 74 published case reports of dermatological adverse effects of mefloquine. These reports were contained in 20 separate scientific papers, the first of which was published in 1983, and the most recent in 1997. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Two of the papers were in French and the remainder were in English. We did not find any case reports published in 1998.
Approximately one-half of the case reports of dermatological adverse effects were from papers describing randomized controlled trials of mefloquine. These studies, together with the main clinical details of all the case reports, are shown in Table 1 .
Demographic characteristics of patients
The mean age of the patients, where this parameter was recorded, was 35.4 years; there were two children in the series. Most of the patients (72%) were male. The patients were divided into military personnel (61%), residents of malaria-endemic areas (24%), tourists (10%) and experimental volunteers (5%).
Total dose of mefloquine taken
The dose of mefloquine taken before the onset of dermatological symptoms was recorded in 21 cases: the mean was 585 mg, range 150-1250 mg. Of these patients, 42% had taken mefloquine prophylactically, and 58% as a treatment.
Onset of dermatological adverse effects
This parameter was recorded in 11 cases. The mean interval to the onset of dermatological symptoms after starting the drug was 11.5 days, range 2-35 days.
Dermatological features
The most common dermatological manifestation was pruritus, which was recorded in 31 (42%) of the reports. In six cases the pruritus was described as being 'intense', 'severe' or 'burning'.
Apart from pruritus, the most common dermatological effect of mefloquine use appears to have been a nonspecific maculopapular rash. There were two reports of cutaneous vasculitis, 22, 25 and one report each of Stevens-Johnson syndrome and toxic epidermal necrolysis. 18, 28 We found no published reports of alopecia secondary to mefloquine use.
Outcome
Two travellers were hospitalized as a result of their symptoms one with a fatal outcome as follows.
Case one
A 66-year old female Belgian tourist was taking mefloquine prophylactically. After her first mefloquine tablet she experienced a sore and blistering lower lip, which progressed to erythematous, ulcerating lesions of oral and nasal mucosa, arms, legs and back. She was diagnosed as having Stevens-Johnson syndrome and was treated with antihistamine and oral steroids; the symptoms resolved after 35 days. 18 Case two A 6-year old female tourist was taking mefloquine prophylatically. Thirty-five days after starting mefloquine she developed a rash that evolved, within 48 h, to toxic epidermal necrolysis. The patient died after 19 days despite admission to a paediatric intensive care unit. 28 The other 73 patients appear to have recovered fully from their skin disorders, in most cases after discontinuation of mefloquine. A minority received active treatment as outpatients including oral and topical corticosteroids and oral antihistamines.
Discussion
This is the largest survey in the world literature of dermatological adverse effects attributed to mefloquine. While there is no obvious common pattern to the effects, they appear to be mostly mild or moderate in intensity, and to be usually self-limiting. Dermatological symptoms can occur both when mefloquine is taken for the treatment of malaria, and at prophylactic dosages.
Pruritus is the most common dermatological symptom to be associated with mefloquine. One of the reports we identified was of a series of Africans treated with single-dose mefloquine for clinically confirmed malaria, and in this cohort the incidence of pruritus was 15%. 19 In a cohort of British soldiers taking mefloquine prophylactically for 12 weeks it was 7%. 24 These data are consistent with what is known of the sideeffects of other antimalarial drugs, such as chloroquine, which are structurally related to mefloquine. 30 The frequency of nonspecific maculopapular rash in mefloquine users is difficult to estimate from this survey. It may be as high as 10% at treatment doses, 12 and between 4 and 7% when mefloquine is taken prophylactically for short periods. 17, 27 With prolonged prophylactic usage, rashes may be experienced by up to 30% of mefloquine users. 29 We found no published reports of alopecia secondary to mefloquine ingestion, even though there have been spontaneous notifications to the manufacturer of alopecia in mefloquine users. 31 This suggests that alopecia either is not truly associated with mefloquine, or that it is an extremely rare sideeffect of the drug.
In addition to pruritus and maculopapular rash, urticaria and facial lesions appear to be associated with mefloquine, although the numbers reported are small. 11, 16, 23 There are two reports in the literature of mefloquine causing a cutaneous vasculitis. 22, 25 One of these diagnoses was confirmed by skin biopsy. 25 More worrying is the suggestion from this survey that mefloquine may very rarely give rise to serious skin eruptions, such as Stevens-Johnson syndrome and toxic epidermal necrolysis. Such rare events have been reported with other antimalarial drugs, and were responsible for the withdrawal of sulfadoxinepyrimethamine (Fansidar) as a prophylactic antimalarial drug for travellers. 32 With mefloquine each of these diagnoses has to date been reported once. 18, 28 When evaluating the harmful side-effects of a drug, questions of causality arise. Several of the papers we identified through this survey discuss causality in some depth. Martin et al.. point out that because of mefloquine's long half-life, there is the possibility that significant drug-induced toxic effects will occur many days after therapy has been discontinued. 21 This potentially long latent period may mask the close temporal association between drug ingestion and resulting effect which is normally one of the hallmarks of causality.
True adverse drug reactions (ADRs) should be verified through rigorous scientific methods such as experimental pharmacology, or epidemiologically through casecontrol studies nested within a large cohort study. 33, 34 Alternatively, but yielding less strong evidence for causality, dechallenge-rechallenge tests should be undertaken in users of the drug under scrutiny. 35 These tests, however, are difficult to justify ethically in drugs such as mefloquine, which are commonly given to users who normally are well. 18 The 74 case reports reviewed in this paper thus represent anecdotal evidence only that mefloquine can give rise to dermatological adverse effects, since the rigorous tests used to verify suspected ADRs have not yet been applied to mefloquine. We believe, however, that the relatively large size of this series, together with the fact that all of the reports we identified had been evaluated prior to publication through the critical peer review system, constitutes good circumstantial evidence that a truly causal relationship exists between mefloquine use and skin reactions in some susceptible individuals. 36 This association, and the pathophysiological mechanisms which underlie it, need to be elucidated through appropriate primary studies.
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Conclusion
There is good circumstantial evidence that mefloquine can cause mild and occasionally severe adverse dermatological effects in both healthy travellers and in hospital patients with malaria. These effects are mostly self-limiting and rarely require treatment. Pruritus is the most frequent dermatological reaction to mefloquine, and maculopapular rash is also common. Urticaria, facial lesions, cutaneous vasculitis, Stevens-Johnson syndrome and toxic epidermal necrolysis have all been associated with mefloquine. The incidence of dermatological adverse effects with mefloquine may be between 4 and 10% for short-term use of the drug, or as high as 30% for prolonged use. Primary studies of causality are needed in mefloquine users to verify the frequency and epidemiology of dermatological and other adverse effects of the drug.
